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Hydrogen storage material with high storage capacity 



The present invention relates to a hydrogen storage material, comprising 
magnesium hydride, The invention also relates to an electrochemical cell comprising such a 
hydrogen storage material. 

Rechargeable batteries can be discharged and then restored to their original 
S state for re-use. Rechargeable batteries are increasingly used in portable electronic equipment 
such as telephones, Walkmans and computers. A known type of rechargeable battery is the 
so-called rechargeable metal hydride battery, which has a relatively high storage capacity per 
unit volume. An example of such a metal hydride battery is a battery comprising LaNi 5 as the 
electrochemically active material, more specifically as a negative electrode. In the discharged 

10 condition, the negative electrode comprises LaNis, while in the charged condition hydrogen 
is absorbed by said electrode, resulting in LaNisKfe. A disadvantage of this type ofbattery is 
the relatively low storage capacity per unit weight The latter is caused by the high density of 
the metal hydride, which is about 7 g/cm 3 . 

For some time now research has been directed to suitable metal hydrides with. 

15 a lower density that can act as a hydrogen storage material. In theory, magnesium is very 
suitable for hydrogen absorption as it can store large amounts of hydrogen. Magnesium can 
reversibly store up to 7.65 weight % of hydrogen, making it a very suitable candidate for 
hydrogen storage for fuel cell applications. However, the temperature at which the 
magnesium can be charged and discharged is 400°C. The kinetics for hydrogen exchange at 

20 temperatures below 400°C are very slow due to slow diffusion of hydrogen in the magnesium 
hydride. 

Magnesium-nickel alloys appear to be better candidates for hydrogen storage 
material that can be used in electrochemical cells, as these alloys can be used for hydrogen 
absorption at lower temperatures. 
25 The use of magnesium-nickel hydride for hydrogen storage is also disclosed in 

JP-561 14801, According to the latter publication, said material can store hydrogen in a stable 
way at higji temperatures. Although magnesium-nickel hydride can absorb a relatively large 
amount ofhydrogen, it is as such not suitable as an electrochemically active material in an 
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electrochemical cell. One of the reasons for this is the relatively slow kinetics of hydrogen 



In order to improve the kinetics of hydrogen absorption and hydrogen release 
to a sufficient level and to restrict corrosion, the amount of nickel added to a magnesium- 
nickel alloy has to be so high that only a small improvement is obtained in comparison with 
the known LaNi* material. 



The present invention aims to provide a hydrogen storage material which can 
be applied'in an electrochemical cell, which comprises a magnesium hydride and which has a 
high storage capacity per unit weight 

To this end, the present invention provides for a hydrogen storage material as 
defined in the preamble, which is characterized in that the magnesium hydride is stabilized in 
tlie fluorite structure. 

The present invention is based on the insight that the slow diffusion of 
hydrogen in magnesium hydride is mainly due to the structure of the magnesium hydride, 
namely the rutUe structure. Although hydrogen does not diffiise fast in said rutile structure, it 
diffuses fast in calcium fluoride-hydride which has the fluorite structure. By stabilizing 
magnesium hydride in the fluorite structure a fast diffusion of hydride ions therein can be 
obtained Said fast diffusion is possible due to the presence of large empty octahedral sites in 
the fluorite structure through which the ions can move with high mobility. As a result of the 
improved fast diffusion of hydrogen in magnesium hydride with fluorite structure, the 
magnesium hydride can very easy be charged and discharged with hydrogen at room 
temperature. As a result, said magnesium hydride can advantageously be used as hydrogen 
storage material in electrochemical cells. 

Jh particular, the magnesium is at least partially substituted by an element such 
that the magnesium hydride is stabilized in the fluorite structure. 

By using a suitable element, the hydride of which has a fluorite structure, such 
element can form a solid solution with magnesium hydride between 20 and 80 mole % 
magnesium, 

The dement that is used to substitute the magnesium preferably comprises an 
ion with a size that is similar to the size of Mg* + in VBI coordination, 
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to an advantageous embodiment, the element comprises an ion with a radius In 
the range of 0,090-1 . 120 una. 

Particular preferred elements comprise the Ions selected from the group 
comprising Sc 3+ , RE 3+ (Rare Earth elements), Li*, Zn 2 *, Co 2 *, Fe 2 *, Mn 2 *, fcr* Zr**, and 
S Hf 4 *. 

For example, scandium hydride has the fluorite structure and forms a solid 
solution with magnesium hydride between 0 and 80 mole % magnesium, Upon depletion of 
hydrogen from such a solid solution a phase transition to a different structure is observed 
XRD simulations show this structure to have a XRD pattern identical to a sphalerite 
1 0 structure. It has the same arrangement of metal ions as the fluorite structure as well as the 
empty octahedral sites, 

In order to improve the hydrogen exchange kinetics, the hydrogen storage 
material preferably comprises an amount of a catalytioally active material. 

Preferred examples of such catalytioally active material comprise catalysts 
15 from the group consisting of Ir, KL, Pd, Pt, Rh and Jtu. 

Even more preferred as catalytioally active material are Palladium and 

Rhodium. 

Furthermore, the present invention relates to an electtochemically active 
material that is characterized in that the material comprises a hydrogen storage material 
20 according to the present invention as described above. 

The hydrogen storage material according to the present invention can 
advantageously he used in fuel cells. 

The invention also relates to an electrochemical cell comprising a negative 
electrode. Said electrochemical cell is characterized in that the negative electrode comprises a 
25 hydrogen storage material as described above. 

The electrochemical cell preferably comprises a rechargeable battery. 

Finally, the present invention relates to electronic equipment powered by at 
least one electrochemical cell. Said electronic equipment is characterised in that the at least 
one electrochemical cell is an electrochemical cell as described above. 

30 



The present invention is illustrated by the following example as well as the 
figure, which are given by way of example only. 
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Example 1 

Magnesium hydride in tie fluorite structure, wherein part of the magnesium is 
substituted by scandium is prepared by melting weighed quantities of the magnesium, the 
scandium and - if desired - a catalyst in a sealed molybdenum crucible, 
5 The crucible was placed in a quartz tube, which was placed in a tube furnace. 

Before the melting process was started, the air inside the quarts; tube was replaced by purified 
argon, to avoid oxidation of the molybdenum bomb. 

The sample was heated to about 1 Q0°C above the liquids fox one night After 
heating, the quartz tube was submerged in a water bath, to "quench* the sample. Next, the 
10 sample, was annealed at 45Q°C for 4 days. Last, the molybdenum bomb was removed, by 
mechanical milling. 

The energy capacities of the materials according to the present invention are 
considerable. For example, Mg &s Sos$P&z.4Rx has a storage capacity of 1225 mAh/g, while 
MgsoSQ2oPdz4H* provides for a storage capacity of 1450 mAh/g. 
15 Fig. 1 a provides a schematic drawing of the hydrogen depleted sphalerite 

structure, while Fig. lb gives a schematic drawing of the fluorite structure. The smaller 
spheres in Kg. la,b are metals, in this case magnesium and scandium. The larger spheres are 
the hydride ions. The metal ions have a size of 0.102 nm, while the hydride ions have a sise 
of 0.14 nm. Fig, 1 clearly shows the large empty octahedral sites in the fluorite structure 
20 through which the hydride ions can move with high mobility. As a result of the improved fast 
diffusion of hydrogen in magnesium hydride with fluorite structure, the magnesium hydride 
can very easy be charged and discharged with, hydrogen at room temperature. 

Although the invention has been described with reference to an example and 
embodiment, it is to be understood that it is clearly not intended to limit the invention to this 
25 example and embodiment. On the contrary, the present invention is intended to cover all 
alternatives and modifications that maybe included within the spirit and scope of the 
invention as described by the claims. 
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CLAIMS: 



1 • A hydrogen storage material comprising magnesium hydride, in which the 

magnesium hydride is stabilized in the fluorite structure, 

% A hydrogen storage material according to claim 1, characterized in that the 

5 magnesium is at least partially substituted by an element such that the magnesium hydride is 
stabilized in the fluorite structure. 

3 . A hydrogen storage material as claimed in claim 2 9 characterized in that the 
dement comprises an ion with a size that is similar to the size of in a VIE coordination. 

10 

4. A hydrogen storage material as claimed in claim 2, characterized in that the 
element comprises an ion with a radius in the range of 0.090-1.120 nm. 

5- A hydrogen storage material as claimed in claim 2, characterized in that the 

15 element comprises an ion selected from the group comprising Sc 3 * RE 3 * (Rare Earth 
elements), Y*\ U\ Za 2 \ Co*", Fe 2 *, Mh 5+ , Jn 3+ , Zc 4 \ and Hf 4 * 

6. A hydrogen storage material as claimed in one or mote of the preceding 
claims, characterized in that it comprises an amount of a catalytically active material. 

20 

7. A hydrogen storage material as claimed in one or more of the preceding 
claims, characterized in that the catalytically active material comprises at least one metal 
selected from the group consisting of It, Ni 5 Pd, Pt, Rh and Ru. 

25 ?L A hydrogen $torage material as claimed in one or more of the preceding 

Sterns, characterized in that the catalytically active material comprises palladium or rhodium. 



9. An electrochernically active material* characterized in that the material 

comprises a hydrogen storage material as claimed in one or more of the claims 1 to 8. 
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10, An electrochemical cell at least comprising a positive electrode and a negative 

electrode, characterized in that the negative electrode comprises a hydrogen storage material 
as claimed in one or more of the claims 1 to 8. 

1 1 - Electronic equipment powered by at least one electrochemical cell, 

characterized in that the at least one electrochemical cell is an electrochemical cell as claimed 
in claim 10. 



ABSTRACT: 



7 



013 21.10.2002 
21.10.2002 



Disclosed is a hydrogen storage material comprising a magnesium hydride. 
Said magnesium is stabilized in the fluorite structure. Preferably, the magnesium is at least 
partially substituted by an element such that me magnesium hydride is stabilized in the 
fluorite structure. In an advantageous embodiment, the hydrogen storage material also 
comprises a catalytically active material. 

Furthermore, an electroohemioally active material, as well as an 
elfictrochemical cell comprising the above hydrogen storage material are disclosed. 



Fig. lb 
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FIG.Ib 



